Abstract Rhynchospora is one of the most species-rich genera of Cyperaceae and one of the few with entomophilous species. Considering the few anatomical studies of the genus, especially of the reproductive structures, this study comparatively analysed the anatomy of flowers of two representative species of Rhynchospora, R. consanguinea and R. pubera, including the floral vasculature and the anatomy of the style base, which is persistent with the fruit. Both species have congested inflorescences with light-coloured bracts and bisexual flowers, and phenolic idioblasts in the anthers and gynoecium, characteristics that suggest insect pollination. In R. consanguinea, the bisexual and the most proximal male flower has perianths, a new character state reported for the genus. The floral vasculature pattern is similar in both species, but differs from that previously described for Rhynchospora. In both species, there are two vascular bundles in the rachilla, which split into three receptacular bundles, the latter forming a vascular plexus where the bundles of stamens, gynoecium and ovule are connected. No lateral carpellary trace was observed, and the presence of the abaxial receptacular bundle was interpreted as a vestige of the tricarpellate ancestral condition. In the fruit of both species, the thickened style base (stylopodium) has a parenchyma with idioblasts containing phenolic compounds and idioblasts with helical or reticulate cell wall thickenings. The stylopodium is a homologous structure in the species of Rhynchospora and to other genera of Cyperoideae and evolved several times in the subfamily.
Introduction
The family Cyperaceae has a cosmopolitan geographical distribution and comprises ca. 5700 species and ca. 100 genera (Goetghebeur 1998; Govaerts et al. 2007; Stevens 2016) . Two subfamilies, Mapanioideae and Cyperoideae, are recognised based on morphological and molecular data Muasya et al. 2009 ).
The inflorescence of Cyperoideae consists essentially of a panicle of spikelets, of which many derived forms occur (Goetghebeur 1998; Muasya et al. 2009 ). Bisexual flowers in Cyperoideae show the typical floral plan of monocotyledons, consisting of two perianth whorls, two whorls each with three stamens and a tricarpellate gynoecium (Blaser 1941a, b; Goetghebeur 1998; Vrijdaghs et al. 2009; Reynders et al. 2012) . Reduction in number of perianth parts, stamens and carpels as well as modifications of floral organs is common, leading to the variations in floral structure found in the subfamily (Blaser 1941a, b; Vrijdaghs et al. 2004 Vrijdaghs et al. , 2009 ). In many Cyperoideae, the outer perianth parts were reduced to vascularised bristle hairs due to an initial compression of the mesophyll, later followed by loss of the vascular system (Blaser 1941a, b) . Isostemonous flowers derived from diplostemonous ones by loss of the inner whorl of stamens (Blaser 1941a, b; Vrijdaghs et al. 2005a Vrijdaghs et al. , b, 2009 , and the number of carpels was reduced from three to two (Blaser 1941a, b) . The classic view on a cyperoid gynoecium is that it is tricarpellate, with two adaxially situated carpels and one abaxially situated carpel, which often is reduced or even absent (Blaser 1941a, b) . Rhynchospora, one of the most species-rich genera of Cyperaceae Muasya et al. 2009) , is included in the subfamily Cyperoideae and comprises ca. 300 species (Thomas 2009 ), occurring mainly in tropical America (Thomas 1984 (Thomas , 1992 Araújo 2001; Guaglianone 2001; Strong 2006) . The genus has paniculate or capitate inflorescences (Eiten 1976; Thomas 1992; Guaglianone 2001; Strong 2006; Lucero and Vegetti 2012) , subtended by foliaceous involucral bracts, which can be entirely green or white, or white towards the base and green distally (Araújo 2001) . It is the composition of the spikelets that distinguishes the species of Rhynchospora from the rest of the Cyperaceae. Each spikelet is either made up entirely of bisexual flowers or consists of a single proximal bisexual flower and three to twelve distal male flowers (Thomas 1992; Guaglianone 2001; Strong 2006; Lucero et al. 2014) . The glumes are spirodistichally arranged with one to three proximal sterile glumes and the rest fertile. Lucero et al. (2014) described a new spikelet type for the genus, composed of a single proximal female flower and several distal male flowers. The bisexual flowers usually have a perianth consisting of five so-called bristle hairs, three stamens, a dimerous gynoecium and a uniovulate ovary with basal placentation; the style has a thickened base, which is persistent with the fruit (Goetghebeur 1998; Guaglianone 2001; Strong 2006 ). The genus is also outstanding in Cyperoideae in its tendency to shift from wind pollination (which is the usual condition in the family) to insect pollination (Thomas 1984; Lucero et al. 2014) . Rhynchospora is one of a few genera of the family which includes species with morphological features that suggest insect pollination, such as white involucral bracts and glumes, sticky pollen and congested spikelets composed of bisexual and protandrous flowers (Thomas 1984; Leppik 1995; Wragg and Johnson 2011; Costa and Machado 2012; Lucero et al. 2014) . Therefore, anatomical studies of the flowers of Rhynchospora may contribute to test the hypothesis of insect pollination.
Rhynchospora was formerly divided into two subgenera, Haplostyleae (comprising the species with an undivided or shallowly divided style) and Rhynchospora (previously described as Diplostyleae, comprising species with a deeply divided style) (Kükenthal 1949 (Kükenthal , 1950 (Kükenthal , 1951 (Kükenthal , 1952 . However, the phylogenetic analysis of the tribe Rhynchosporeae based on molecular data showed two wellsupported main clades (clade A and clade B), one comprising species of Haplostyleae, but the other comprising species of both subgenera (Thomas et al. 2009 ). Rhynchospora consanguinea (Haplostyleae) and R. pubera (Rhynchospora) are included in each of these clades and have morphological characteristics related to insect pollination, such as capitate inflorescences with light-coloured glumes (Araújo 2001; Strong 2006) . Moreover, species of Trigona were observed visiting the inflorescences of R. pubera (Thomas 1984 ).
An informative characteristic for the taxonomy of Rhynchospora is the presence of a thickened style base, which is persistent with the fruit (Kukkonen 1984; Thomas 1984; Araújo 2001; Strong 2006) . The style bases exhibit morphological variation, which can be used to distinguish among the species and subsections (Araújo et al. 2003; Strong 2006) . A thickened style base occurs not only in Rhynchospora but also in other Cyperoideae genera such as Bulbostylis Kunth, Fimbristylis Vahl, Abildgaardia Vahl, Eleocharis R.Br. and Fuirena Rottb. (Thomas 1992; Bruhl 1995; Goetghebeur 1998; Araújo et al. 2003; Vrijdaghs et al. 2004; Gil and Bove 2007; Swan and Richards 2007; Gonzalez and López 2010; Reutemann et al. 2012) . The anatomy of cyperoid style bases has been described for species of Abildgaardia, Bulbostylis and Fimbristylis, in which they are homologous and histologically simple (Reutemann et al. 2012) . In these genera, although the style base may be persistent with the fruit or deciduous, it does not have any abscission layer and, according to Reutemann et al. (2012) , a lower number of sclerified cells may be responsible for its short duration in some species.
Although there are several anatomical studies of vegetative organs of Rhynchospora (e.g. Govindarajalu 1969; Metcalfe 1969; Thomas 1984; Martins et al. 2012; Martins and Scatena 2011; Lucero et al. 2014) , for the floral anatomy there is few available information (e.g. Baillon 1893 ; Snell 1936; Saunders 1937; Blaser 1941a, b; Reynders et al. 2012) . Blaser (1941a, b) included species of Rhynchospora and other Cyperoideae genera in a wide spectrum study about the floral vasculature in the subfamily and concluded that his observations showed evidence of reduction in perianth parts, stamens and the abaxial third carpel. For Rhynchospora, the author described the presence of peripheral lateral carpellary traces and interpreted them as vestiges of the aborted abaxial carpel (Blaser 1941b) . Reynders et al. (2012) also studied the floral vasculature and development in Cyperoideae species with different types of gynoecium (trimerous, dorsiventrally flattened dimerous and laterally flattened dimerous) and showed the absence of carpel primordia and instead the presence of an annular ovary wall primordium surrounding a central meristematic tissue from which the single ovule is formed. According to the authors, the absolute fusion of the evolutionary original carpels into one annular primordium in combination with the bidirectional development of the gynoecium vasculature allows developmental freedom to form the different gynoecium types found in the subfamily, which thus cannot be explained by carpel reduction.
In this context, a comparative study on floral anatomy of R. consanguinea and R. pubera was made, aiming to answer the following questions: 1) Considering that the species belong to distinct main clades of Rhynchospora, which anatomical characteristics are shared by them and are suggestive for insect pollination? 2) Are the style bases in the two studied species homologous to each other and to other style bases in Cyperoideae? 3) Considering that both species have a dorsiventrally flattened dimerous gynoecium, does the pistil vasculature pattern corroborate the hypothesis of Blaser (1941a, b) or that of Reynders et al. (2012) about the origin of this type of gynoecium?
Materials and methods
The samples of R. consanguinea (Kunth) Boeckeler were collected from the Parque Nacional da Serra do Cipó (Santana do Riacho, Minas Gerais, Brazil), in areas with rocky outcrop vegetation, and the samples of R. pubera (Vahl) Boeckeler were collected from the Reserva Florestal Adolpho Ducke (Manaus, Amazonas, Brazil), in the moist understorey of the Amazon rainforest. Vouchers of the collected material were identified and deposited in the Herbarium Rioclarense (HRCB) at Universidade Estadual Paulista (Coan et al. number 17) . The inflorescences were fixed in FAA 50 (37% formaldehyde, glacial acetic acid, 50% ethanol, 1:1:18 v/v) (Johansen 1940) for morphological and anatomical studies.
For the anatomical study, inflorescences at different developmental stages were subjected to a n-butyl alcohol dehydration series, infiltration and inclusion in (2-hydroxyethyl)-methacrylate (Leica Historesin Embedding Kit, Nussloch, Germany) (Gerrits and Smid 1983) . The embedded material was sectioned at 5-7 lm on a rotation microtome (Leica RM 2245, Nussloch, Germany), stained with periodic acid-Schiff's reagent (PAS) and toluidine blue (O'Brien et al. 1964; Feder and O'Brien 1968) and mounted on permanent slides with Entellan (Merck, Darmstadt, Germany). Photomicrographs were obtained with a LAS (Leica Application Suite V 4.0.0) digital imaging system, using an image-capturing device (Leica DFC 450, Heerbrugg, Switzerland) coupled to a microscope (Leica DM4000B, Wetzlar, Germany).
For scanning electron microscopic (SEM) study of the style base, mature fruits were dehydrated through an alcohol series, CO 2 critical point dried (Balzers CPD 030, Liechtenstein), coated with gold (Bal-Tec SCD 050, Liechtenstein) and examined in a scanning electron microscope (Hitachi TM 3000, Krefeld, Germany). The results were recorded using the TM 3000 Application Program.
Results

Floral morphology and anatomy
In both species, each spikelet (the reproductive unit of the inflorescence) consists of an indeterminate rachilla with acropetally developing glumes, each subtending (or not) a single flower. Rhynchospora consanguinea has lateral spikelets with proximally and adaxially positioned a prophyll, and higher up in the spikelet one sterile glume followed by pale fertile glumes (Fig. 1b) . Each spikelet is composed of a proximal bisexual flower (Fig. 1a-arrow ) and 3-12 distal, strictly male flowers, each with three stamens (Fig. 1a) . The bisexual flower has a perianth composed of five bristle hairs (two in the outer whorl and three in the inner whorl), three stamens (two adaxial and one abaxial) and one gynoecium with a shortly divided style. The most proximal male flower has a perianth composed of two bristle hairs and three stamens; the remaining male flowers of the spikelet lack a perianth. Rhynchospora pubera has lateral spikelets with a proximal and adaxial a prophyll, and higher up in the spikelet four to five white fertile glumes, each subtending a bisexual flower (Fig. 1c, d ). The flowers are perianthless and have three stamens and one gynoecium with a deeply divided style.
The perianth parts of bisexual and most proximal male flower of R. consanguinea consist of epidermal cells with cell wall projections (Fig. 2a) , parenchyma, and lack a vascular system (Fig. 2b) .
In both species, the filaments consist of a single-layered epidermis, parenchyma and one single vascular bundle ( Fig. 2c ) that runs to the connective 3a) . The anthers are tetrasporangiate and basifixed, with longitudinal dehiscence, latrorse in R. consanguinea ( Fig. 2e ) and introrse in R. pubera (Fig. 3a) . In both species, the anther wall consists of a single-layered epidermis, an endothecium without thickenings, a middle layer and a tapetum in the immature anthers (Fig. 2d) ; when the anthers are mature, their walls consist of only epidermis and an endothecium with spiral thickenings (Figs. 2e, 3a) . In R. consanguinea, some cells of the connective contain phenolic compounds (Fig. 2d-e) , and in R. pubera these phenolic compounds are concentrated in the epidermal cells above the connective (Fig. 3a) .
The bisexual flowers of both species have a superior, syncarpous, unilocular ovary (Figs. 2f-g, 3b-c) with basal placentation. The outer epidermis of the ovary wall is composed of anticlinally elongated cells with thin walls and phenolic compounds; the inner epidermis has periclinally elongated cells with thin walls (Figs. 2f-g, 3b-c) . The ovary mesophyll consists of two to five layers of parenchymatous rounded cells and is vascularised by two vascular bundles that are situated laterally in the dorsiventrally flattened ovary wall (Figs. 2g, 3c ) and run through the style up to the stigmas (Figs. 2h-i, 3d-f) . The style has rounded thin-walled epidermal cells and parenchyma surrounding the pollen tube transmission tissue (Figs. 2h, 3d) . The stigmas consist of rounded epidermal cells that have thin walls (Figs. 2i, 3e-f). Phenolic compounds are present in all of the epidermal cells of style and stigmas of R. consanguinea (Fig. 2h-i) and only in some of them in R. pubera (Fig. 3d-f ).
Anatomical features of the style base
The style base is persistent with the fruit in both species, but they are morphologically distinct. In R. consanguinea, the style base is triangular with angular edges (Fig. 4a) . In R. pubera, the style base is strap-shaped with rounded edges and covers the distal part of the fruit (Fig. 4b) . Anatomically, the style bases of both species have epidermal cells with the outer periclinal walls thicker than the inner ones, parenchymatous tissue, idioblasts with phenolic contents and idioblasts with thickened cell walls (Fig. 4c-e) . In R. consanguinea, the idioblasts with thickened cell walls are scattered throughout the style base (Fig. 4c, d-arrows) , and in R. pubera these idioblasts are concentrated at the base of the style base (Fig. 4d-dotted line) . These idioblasts may be long or short, with helical or reticulate thickenings (Fig. 4f, g ).
Floral vasculature
The vasculature of the spikelet is similar in both species and was illustrated for R. consanguinea (Fig. 5) . In the axis of the spikelet, there is a ring of vascular complexes (Fig. 5a ) from which the traces of the glumes and flowers arise. After the divergence of the most distal sterile glume trace (sg) (Fig. 5a ), the trace of the glume subtending the bisexual flower (gbf) diverges (Fig. 5b) and, opposite it, the trace of the glume subtending the most proximal male flower (gmf) (Fig. 5c ). More distally, the distinction between the vascular supply of the bisexual (bf) and male flowers (mf) becomes evident ( Fig. 5c-d) . Each flower is supplied by two vascular bundles (Fig. 5d ) that split into three bundles at the level of the receptacle (receptacular bundles) (Figs. 5d, 6a, 7a ).
In the bisexual flower of R. consanguinea, the five perianth parts are not vascularised. The two outer perianth parts are opposite the adaxial stamens (Fig. 6e-h-arrows) , and the three inner ones are alternating with the stamens (Fig. 6f-h-arrowheads) .
In both species, the three receptacular bundles expand, forming an annular central vascular plexus (Figs. 6b, 7b) , from which the staminal and carpellary traces arise. The staminal traces are the first to diverge from the central vascular plexus, in the same position of the former receptacular bundles (Figs. 6c-d, 7c ). Each staminal bundle runs through a filament (Figs. 6e-h, 7e-h ) to the connective. Subsequently two carpellary traces branch off from the central vascular plexus (Figs. 6e-g, 7d-f ) and run through the ovary wall in lateral positions up to the stigmas, corresponding to the dorsal carpellary bundles (Figs. 6h, 7g-h ). At a level above the divergence of the dorsal carpellary bundles, the central vascular ring, which corresponds to the ventral carpellary bundles (Figs. 6f-g, 7e-f) , supplies the single ovule (ovule bundle) (Figs. 6h, 7h ).
Discussion Floral morphology and anatomy
Besides the division of the style, the main differences between the species studied are: the presence of perianth in the bisexual and in the most proximal male flower of R. consanguinea, and the anther dehiscence.
The perianth parts of R. consanguinea are modified to bristle hairs and are not vascularised, characteristics interpreted as a derived condition. Species of Rhynchospora studied by Blaser (1941b) (R. macrostachya, R. glomerata, R. capillacea, R. inexpansa and R. alba) all possess vascularised perianth parts. Rhynchospora is one of a few genera of Cyperaceae that include species both with and without perianth (Blaser 1941b; Goetghebeur 1998) and, according to Lucero et al. (2014) , flowers with perianths evolved at least twice in the genus. Lucero et al. (2014) described three character states for Rhynchospora: spikelets with all flowers with perianth; 
spikelets with only the proximal flower with perianth; and spikelets with all flowers without perianth. However, based on our results, we report here a new character state for R. consanguinea, which is the presence of perianth in the bisexual flower and also in the most proximal male flower. The absence of one of the outer perianth parts in R. consanguinea was also reported by Lucero et al. (2014) ; however, given that they examined only one specimen, they could not be certain that this was a stable condition. The reduction on number and structure of perianth parts is commonly reported for Cyperaceae (Blaser 1941a, b; Vrijdaghs et al. 2005a Vrijdaghs et al. , b, 2009 , and in the present study we verified that the absence of the outer abaxial perianth part in R. consanguinea is a stable condition, confirming the occurrence of organ abortion in this species.
Another feature that differentiates the species studied is the anther dehiscence, which is latrorse in R. consanguinea and introrse in R. pubera. Such differences are reported here for the first time and could be informative for taxonomy; however, anatomical analyses of other species of Rhynchospora are required.
Anatomical evidence related to pollination
Cyperaceae have characteristics as reduced flowers with long stigmatic branches, elongated filaments and anthers with abundant pollen, which are related to anemophily, found in the majority of the members of Cyperaceae (Leppik 1995; Goetghebeur 1998; Wragg and Johnson 2011) . However, entomophily has been recorded in genera as Rhynchospora, Carex, Cyperus, Eleocharis, Ficinia (Goetghebeur 1998; Magalhães et al. 2005; Wragg and Johnson 2011; Costa and Machado 2012) , as well as in Mapanioideae species (Wragg and Johnson 2011) .
The traits related to entomophily in Cyperaceae are based mainly on morphological features as white involucral bracts and/or glumes, sticky pollen and bisexual spikelets (Thomas 1984; Goetghebeur 1998; Lucero et al. 2014) . Rhynchospora consanguinea has congested inflorescences surrounded by involucral bracts that are white towards the base and the glumes are pale. In R. pubera, the involucral bracts are entirely green; however, the congested inflorescences have white glumes, characteristics that suggest insect pollination. The light-coloured bracts make the inflorescences more conspicuous to insects and their form permits the pollinator to collect more pollen and visit more flowers in a short period of time, as reported for other genera of Cyperaceae such as Cyperus, Ficinia and Carex (Thomas 1984) . The anatomical features of the flowers of both species are very similar and also suggest insect pollination. In both species, the flowers have idioblasts with phenolic compounds in the ovary, style, stigmas and anthers, which may indicate entomophily. The presence of such idioblasts may be associated with the volatilisation of odours important in the attraction of pollinators (Dobson and Bergström 2000) . The presence of floral volatiles has already been reported for Eleocharis elegans (Magalhães et al. 2005 ) and species of Cyperus (Wragg and Johnson 2011) and related to attraction of pollinators.
Rhynchospora pubera belongs to the section Dichromena, which was extensively studied by Thomas (1984) who observed the inflorescences being visited by beetles, bees and syrphid flies. According to this author, the white glumes and sticky pollen are traits that indicate the transition from anemophily to entomophily in these species. Although entomophily was not reported for other species of Rhynchospora, besides those from section Dichromena, in this study attention is drawn to R. consanguinea, belonging to a subgenus with no report of entomophily but presenting morphological and anatomical floral features that suggest insect pollination. Since most species of Rhynchospora has congested inflorescences with white involucral bracts or glumes (Thomas 1984; Strong 2006) , we believe that insect pollination is a common condition or has arisen multiple times in the genus.
Anatomical features of the style base
The style base showed to be morphologically different in the species studied. The difference in the shape of the style base has already been reported by Thomas (1984) as a critical taxonomic feature for delimitation of Rhynchospora species.
The presence of a thickened style base is not unique to Rhynchospora and has been reported for other genera of Cyperoideae, such as Fuirena (Vrijdaghs et al. 2004) , Eleocharis (Vrijdaghs et al. 2009 ), Bulbostylis (Gonzalez and López 2010; Reutemann et al. 2012) , Abildgaardia and Fimbristylis (Reutemann et al. 2012) . In species of Fuirena, the style base corresponds to a constriction of the upper part of the ovary (Vrijdaghs et al. 2004 ). However, in R. consanguinea and R. pubera, as well as in species of Eleocharis, Bulbostylis, Abildgaardia and Fimbristylis (Vrijdaghs et al. 2009; Gonzalez and López 2010; Reutemann et al. 2012) , the style bases have the same origin (from the base of the style) and share anatomical features as the presence of idioblasts with phenolic compounds and idioblasts with helical or reticulate cell wall thickenings (termed tracheids by previous authors) (Gonzalez and López 2010; Reutemann et al. 2012) , indicating that they are morphologically homologous. Since the style base does not correspond to the same structure among the cyperids, we suggest the use of the term ''stylopodium'' for the style base with a stylar origin, as previously termed by Kukkonen (1984) .
Considering the occurrence of the stylopodium in not closely related genera, it can be inferred that such structure has evolved several times during the evolution of the family. If its occurrence is evaluated in the phylogenetic hypothesis of Muasya et al. (2009) , it can be showed that the stylopodium appeared several times in Cyperoideae: in Rhynchospora, in some genera of Abildgaardieae and in Eleocharis (Fig. 8) .
The stylopodium can be persistent with the mature fruit, after the detachment of the upper part of the style, as in the species of Rhynchospora, or it can detach together with the upper part of the style, not persisting with the fruit, as in species of Bulbostylis, Abildgaardia and Fimbristylis (Reutemann et al. 2012) . While the presence of a persistent stylopodium may have arisen multiple times in Cyperoideae, a deciduous stylopodium appears to be an apomorphy of Abildgaardieae (Fig. 8) .
In species of Abildgaardia and Fimbristylis, the presence of a deciduous stylopodium was related to the lower number of sclerified cells that make up such structure in the mature fruit, being the abscission of the stylopodium a result of mechanical shear effects upon the sclerified cells (Reutemann et al. 2012) . Our results, however, show that in the stylopodium of R. consanguinea and R. pubera there are no sclerified cells, even in the mature fruit; therefore, the persistence of the stylopodium is not related to the amount of sclerified cells, as suggested by Reutemann et al. (2012) .
The function of the stylopodium remains uncertain, being reported as a region where selection of pollen tubes takes place (Reutemann et al. 2012) , a structure that protects the ovary apex (Reutemann et al. 2012) , or a structure related to fruit dispersal (Vrijdaghs et al. 2009 ). Gonzalez and López (2010) attributed to the cells with helical cell wall thickenings (tracheids) of the stylopodium of Bulbostylis the function of water uptake for seed germination. These helical tracheoidal cells were also reported for orchid seeds as part of the mechanism of water uptake (Prutsch et al. 2000) . However, Reutemann et al. (2012) discarded such hypothesis since these cells are also present in the deciduous stylopodium of Abildgaardia and Fimbristylis, in whose species they do not play such role. Here, we hypothesise that the stylopodium plays a function in pollination, since this structure may contribute as a mechanical support for the style, keeping it erect during anthesis and projecting it beyond the extremely congested spikelet. This function is especially important for the transition to insect pollination, giving a mechanical strength to the style during the contact of the pollinator with the stigma. Among the cyperoid genera in which the stylopodium occurs, insect pollination was reported for Eleocharis (Magalhães et al. 2005) and Rhynchospora (Thomas 1984) . Further studies on pollination biology are 
Floral vasculature
The species here studied have a dorsiventrally flattened gynoecium, and their vasculature pattern is shown to be different from that previously described for the genus. According to Blaser (1941b) , in Rhynchospora alba there are three receptacular bundles; after the divergence of the staminal traces, the two adaxial receptacular bundles split laterally and the bundles derived from them split again immediately. These latest derived bundles fuse with the remnants of the abaxial receptacular bundle, and the bundles formed by this fusion were designated as lateral carpellary bundles. According to the author, these peripheral lateral carpellary traces disappear below the level of fusion of the ventral carpellary bundles and by comparison with other species they were interpreted not only as vestiges of the persistent adaxial carpels, but also basal remnants of the abaxial aborted carpel. Blaser (1941b) also reported that other species of Rhynchospora such as R. macrostachya showed an identical general floral structure as that of R. alba, except for the absence of vestiges of the third carpel. In such species, there are only two receptacular bundles from which the staminal and carpellary traces arise. On the basis of the frequent presence of vestigial carpellary bundles, Blaser (1941a, b) concluded that dorsiventrally flattened gynoecium originated by reduction in the abaxial carpel, as previously suggested by other authors based on floral anatomical and ontogenetic studies (Baillon 1893; Snell 1936) .
For R. consanguinea and R. pubera, we did not observe the presence of lateral carpellary traces, although the flowers of both species are supplied by three receptacular bundles. The rachilla is vascularised by two bundles, which split into three bundles at the receptacle level of all of the flowers. These three receptacular bundles form a vascular plexus before the divergence of the staminal and carpellary traces, as reported for Kyllinga nemoralis (Reynders et al. 2012) . The gynoecium of R. consanguinea and R. pubera is vascularised by two dorsal carpellary bundles, which are laterally positioned. Also in R. corymbosa, the ovary and style are supplied by two dorsal vascular bundles that run in lateral positions, revealing the dorsiventrally flattened, dimerous nature of the gynoecium (Reynders et al. 2012) .
According to Reynders et al. (2012) , no carpel was lost during the evolution of the family, but the whole gynoecium development was reorganised through congenital fusion of the carpels and reducing the meristematic zone destined to become the gynoecium to (1) an annular primordium, in which the three vessels are the only evidence of the tricarpellate evolutionary origin of the gynoecium and (2) the former synascidiate zone of the fused carpels, which is reorganised into a meristematic zone corresponding with the floral apex, situated within the annular gynoecium wall primordium, from which the central ovule develops. According to the authors, the congenital fusion of the carpels and subsequent reorganisation of the gynoecial meristematic zone liberates the development of the gynoecium of the constraints of a carpellary organisation, allowing new positions and numbers of stigmas. In addition, due to the bidirectional development of the gynoecium vasculature, the number of dorsal carpellary bundles is related to the number of stigma primordia-not necessarily to the number of carpels-and corresponds to the number of vascular bundles within the rachilla (Reynders et al. 2012) .
According to Reynders et al. (2012) , in a dorsiventrally flattened dimerous gynoecium, the abaxial stamen bundle connects to both adaxial receptacular bundles, since the abaxial receptacular bundle is absent. However, in R. consanguinea and R. pubera, which also have a dorsiventrally flattened dimerous gynoecium, we demonstrate that the abaxial receptacular bundle is present, but the three receptacular bundles merge into an annular vascular plexus before the divergence of the staminal and carpellary traces and only two vessels supply the ovary. Although we observed no lateral carpellary traces, the presence of the abaxial receptacular bundle as a vestige of the third reduced carpel corroborates the hypothesis of Blaser (1941a, b) . We agree with Reynders et al. (2012) that the annular ovary primordium and the bidirectional development of the pistil vasculature give the developing gynoecium an organisational freedom, but in combination with the reduction in one of the carpels (the abaxial one in the dorsiventrally flattened gynoecium). As reported for other Poales that also have reduced flowers grouped in dense spikelets such as Restionaceae (Ronse Decraene et al. 2002) and Poaceae (Phillipson 1985) , we believe that the dorsiventrally flattened gynoecium resulted mainly by spatial pressures on the gynoecium during its development.
Since the meristematic zone for the gynoecium development is reduced, it is necessary a certain freedom of organisation, which is given by the congenital fusion of carpel primordia and the bidirectional development of the pistil vasculature, as demonstrated by Reynders et al. (2012) for a large number of cyperoid species.
Conclusions
Besides the morphological differences such as the presence of a perianth and type of anther dehiscence, the flowers of R. consanguinea and R. pubera are very similar anatomically. The congested inflorescences with unisexual flowers and light-coloured bracts/glumes and the great quantity of idioblasts containing phenolic compounds in the anthers and gynoecium of both species suggest insect pollination. In both species studied as well as in species of Eleocharis, Bulbostylis, Abildgaardia and Fimbristylis, the thickened style bases (stylopodium) have the same origin and similar anatomical features, indicating that they are homologous and that such structure appeared several times in Cyperoideae. The gynoecium vasculature of R. consanguinea and R. pubera is different of that previously described for other species of Rhynchospora, and the presence of an abaxial receptacular bundle may be interpreted as a vestige of the tricarpellate ancestral state. The reduction in the abaxial carpel, as proposed by Blaser (1941a, b) , in combination with the congenital fusion of carpels and bidirectional development of pistil vasculature, as described by Reynders et al. (2012) , is probably responsible for the appearance of the dorsiventrally flattened dimerous gynoecium during the evolution of the family.
